proximal CCA were temporary occluded with vascular clamps, and the external carotid artery was ligated. A 2F (for rat) or 3F (for rabbit) Fogarty balloon catheter was inserted to the left CCA through an arteriotomy of the external carotid artery proximal to the ligation knot. The left CCA was injured by three passages of the inflated Fogarty catheter. The sham operation involved simple ligation of the right external carotid artery without balloon injury.
For gene transfer, 30μL (for rat) or 50μL (for rabbit) adenovirus, with a titer of 10 11 PFU/mL, expressing UCP2 and GFP (Ad-UCP2) or GFP alone (Ad-GFP) was injected into the balloon injured CCA via the external carotid artery immediately after balloon injury and incubated for 30min. Then, the external carotid artery was ligated proximal to the puncture, and the clamps on internal carotid artery and proximal CCA were released to restore the blood flow. For postoperative analgesia, buprenorphine was added to the drinking water (6mg/L) for three days following the procedure. On 21 days after the procedure, rats and rabbits were deeply anesthetized with pentobarbital (100mg/kg, intraperitoneal) and perfused with saline and the injured CCA as well as the contralateral unmanipulated carotid arteries were collected.
Mini-pig coronary artery in-stent restenosis model
Male Guizhou mini-pigs (40-50kg, Dashuo Biotechnology) were used for the experiments.
Pig coronary stenting was performed as previously described. 4 Briefly, pigs received orally with aspirin and clopidogrel 24 hours prior to procedure and maintained on this dual antiplatelet therapy throughout the experiments to prevent in-stent thrombosis. Pigs were sedated by intramuscular injection of ketamine (10mg/kg) and buprenorphine (0.05mg/kg).
General anesthesia was conducted by continuously intravenous injection of propofol (25μg/kg/min, Guorui Pharmaceutical Co., Sichuan, China). Vital signs were continuously monitored during the procedure as well as distress or pain. The femoral artery was surgically exposed and punctured directly, then a 6F sheath was introduced and the heparin solution (100U/kg) was injected. Under fluoroscopic guidance, a catheter was inserted and advanced to the coronary artery ostium, and the coronary angiography was performed by injecting the contrast agent (iohexol, GE Healthcare, Shanghai, China) prior to the deployment of bare metal stents (Firebird™, Microport Scientific, Shanghai, China) to achieve a ratio of stent to artery diameter of 1.2:1. After stent implantation, a local drug infusion balloon catheter (ClearWay™ RX, Atrium Medical, Hudson, NH, US) 5 was inserted into the stented segment. A total of 500µL of Ad-UCP2 or Ad-GFP (10 11 PFU/mL) diluted to 1mL in PBS was infused to inflate the balloon and held for 90 seconds. This special balloon has a microporous structure of tortuous channels allowing infused agent to weep out onto the vessel wall. For postoperative analgesia, buprenorphine (0.05mg/kg) was intramuscularly injected every 12 hours for three days following the procedure. Pigs received follow up coronary angiography via carotid artery 3 months after procedure and then were euthanized by intravenous overdose of pentobarbital (100mg/kg) and coronary vessels carefully removed.
Transcriptome array
Mice at 3 days after procedure were sacrificed and the ligated and contralateral unligated carotid arteries isolated and stored in RNA-later at −80 °C. The following microarray procedure and data analysis were performed by OE Biotech (Shanghai, China). Total RNA was extracted from mouse artery samples with RNAiso Plus reagent (9108, Takara, Shiga, Japan) and quantified using a NanoDrop ND2000 (Thermo Scientific, Waltham, MA, US).
The quality of RNA was tested using the Bioanalyzer 2100 (Agilent Technologies, Santa Clara, CA, US). Samples with a RNA Integrity Number (RIN) greater than or equal to 7.0 and 28S/18S greater than or equal to 0.7 were subjected to microarray analysis. Briefly, total RNA was transcribed to double strand cDNA, then synthesized into cRNA and labeled with Cyanine-3-CTP. The labeled cRNAs were hybridized onto the microarray (Agilent SurePrint G3 Mouse GE 8×60K Microarrays, Design ID 028005). After washing, the arrays were scanned by the Agilent Scanner G2505C (Agilent Technologies). The data were processed with Feature Extraction software (version10.7.1.1, Agilent Technologies). The total data set included three biological replicates for both groups. Each consisted of three mouse carotid arteries. Differentially expressed genes were identified through analyzing fold change between the compared groups as well as P value calculated with Student t-test.
The threshold set for up-and down-regulated genes was a fold change greater than 2.0 and a P value less than 0.05. We analyzed 84 mitochondria function regulating genes, including 
Endothelial function assay
Carotid arteries were dissected and cut into 3-mm-long segments in cold Krebs solution containing (in mM): NaCl 119, NaHCO3 25, Glucose 11.1, KCl 4.7, KH2PO4 1.2, MgSO4 
Pathology
For histological analysis, mouse carotid arteries were fixed with perfusion and other vessels were fixed in 4% paraformaldehyde for 24 hours. Six serial sections from each animal were used for staining. Carotid arteries, saphenous veins, and distal sections to the stented porcine coronary arteries were dehydrated in graded ethanol, cleared in xylene, embedded in paraffin wax, sectioned into 5μm thick sections, and affixed to slides. Stented porcine coronary arteries were embedded in methyl methacrylate and cut at a thickness of 80μm using a hard tissue slicer with a rotating diamond-coated saw (Leica SP1600, Wetzlar, Germany). Sections were rehydrated and stained with H&E.
Immunohistochemistry
Six serial sections from each animal were used for staining. Paraffin sections were dewaxed and rehydrated. Tissue sections and chamber slides with a monolayer of cells were subjected to citric acid antigen retrieval and endogenous peroxidase activity was inhibited by incubation with 3% hydrogen peroxide. After blocking sections with 5% normal donkey serum in phosphate buffered saline (PBS), sections were incubated overnight at 4°C with 
Superoxide assay
To assess superoxide production, the fresh frozen sections of vessel or chamber slides with a monolayer of cells were incubated in dark with dihydroethidium (DHE; S0063, Beyotime, Jiangsu, China) diluted in PBS (40µmol/l, stock solution prepared in dimethylsulphoxide)
or a DHE-free solution for 30min at 37°C f. Images were acquired by using an inverted fluorescence microscope (Leica DMLB2; Leica Microsystems) outfitted with a rhodamine filter set. 6 The fluorescence intensity was calculated using ImageJ software.
Reendothelialization assay
Reendothelialization of the carotid artery was determined by Evans blue dye (Sigma-Aldrich) staining 7 days after balloon injury in rat. Rats were anesthetized and 1mL of 5% Evans was injected into the tail vein, followed by fixation with a perfusion of 10%
formalin. After rats were euthanized, the injured segments of the carotid arteries were harvested and examined under a light microscope. The ratio between the area stained in blue and the total carotid artery area was calculated.
TUNEL staining
Apoptotic cells in mouse carotid arterial sections were detected by using the fluorescein-dUTP TUNEL assay as per the manufacturer's instructions (MK1020, Boster). (Santa Cruz Biotechnology, Santa Cruz, CA, US) were used to treat the cells.
Mouse aortic SMC isolation
Vascular SMCs were isolated from aortas of 5-week-old WT and Ucp2 -/-mice by collagenase-elastase digestion. 7 SMCs were maintained in medium 231 with smooth muscle growth supplement. Cells between passages two and five were used for experiments.
Cell migration and proliferation assay
Cell migration assay was performed using a scratch wound healing assay. 8 Confluent SMCs in six-well plates were growth arrested, scraped using sterilized 200-μL pipette tips, washed with PBS, and cultured for 24 hours. Images were captured by a phase-contrast microscope (CKX41; Olympus, Tokyo, Japan) and used to calculate the recovered area. Cell proliferation was measured using a cell counting kit-8 (CCK-8; Beyotime, Jiangsu, China). 
Real-time polymerase chain reaction (RT-PCR)
The RNA was extracted from the arterial tissue and SMCs using the RNAiso Plus reagent.
The RT-PCR was performed using One
Step 
Antibody arrays
Cells were harvested and total protein was extracted. The antibody assays were performed with Human PDGF Phospho Antibody Array (PDG195, Full Moon BioSystems, Sunnyvale, CA, US) according to the manufacturer's instructions. Three biological replicates were included in each group.
Western blotting
Total proteins were extracted from arterial tissue and SMCs using a protein extraction kit (Keygen Biotech, Nanjing, China) and quantified using an enhanced BCA Protein Assay Kit (Beyotime, Jiangsu, China). For specific experiments, cytoplasmic and nuclear extracts were separated by using a commercial kit (AR0106, Boster). Forty micrograms of extracted protein were loaded onto 8-12% SDS polyacrylamide gels. The separated proteins were then transferred to PVDF membranes (SLGP033RS, Millipore, Bedford, MA, US).
Membranes were blocked with 5% bovine serum albumin ( 
NF-κB p65 transcription factor assay
Nuclear fractions of SMCs were isolated and the bound NF-κB was detected using NF-κB p65 Transcription Factor Assay Kit (ab133112, Abcam). The assay was carried out according to the kit manual.
Human saphenous vein culture ex vivo
The experiment conformed to the principles outlined in the Declaration of Helsinki. Written informed consents and approval from the Ethics Committee of Chengdu Military General
Hospital were obtained before tissue collection. Left over human saphenous vein tissue from surgery were collected and cultured as previously described. 1 Briefly, the veins were cut into 0.5 cm x 0.5 cm explants. Tissue explants were transfected with Ad-GFP or
Ad-UCP2 and cultured with luminal surface facing up in RPMI 1640 medium supplemented with 20% fetal bovine serum and 10 ng/mL of PDGF for 14 days. Then, tissue explants were fixed and embedded in paraffin, and the paraffin sections were stained with H&E and Verhoeff-Van Gieson stain.
Statistical analysis
Continuous data are presented as mean±standard error. Normality was tested with the Kolmogorov-Smirnov test. Comparisons among groups were determined by analysis of variance with post hoc Tukey HSD test, while statistically significant differences between two groups were determined by using the Student's t-test (SPSS Inc, Chicago, IL, US). The nonparametric Mann-Whitney U test was used if data were not normally distributed. To compare means which involve two factors, we performed two-way ANOVA. P<0.05 was considered statistically significant. 
